Homozygous nonsense mutations in the LTBP2 gene were identified in four consanguineous Pakistani families and in eight of 15 Gypsy individuals with primary congenital glaucoma. Patients with PCG from Pakistan and Iran were reported to harbor mutations in this gene while studies on patients with PCG from Saudi Arabia ruled out the presence of these or any other mutations in this gene [13, 16, 17] . These findings support the fact that incidence of mutations in the LTBP2 gene in patients with PCG is not a universal observable fact. No studies have analyzed LTBP2 in an Indian population with PCG. In the present study, we screened all the exons with intron-exon boundaries of the LTBP2 gene in 54 unrelated patients with primary congenital glaucoma who were either negative or heterozygous for CYP1B1, MYOC, and FOXC1 gene mutations and 50 healthy controls.
METHODS
Clinical evaluation and patient selection: 75 patients diagnosed with primary congenital glaucoma presenting at the Dr. Rajendra Prasad Centre for Ophthalmic Sciences, All India Institute of Medical Sciences (AIIMS), New Delhi, India, were enrolled in the study. Out of the 75 patients 51 were male and 24 were female. The age of onset of the disease ranged from birth to 1 year. This study was performed according to the tenets of the Declaration of Helsinki. After ethical approval was received from the Institutional Review Board (IRB00006862; AIIMS), a total of 54 patients with PCG were screened for LTBP2 sequence variations (either negative heterozygous for MYOC, CYP1B1 and FOXC1 gene mutations; Appendix 1). All patients were unrelated to each other and were examined by one of the authors (glaucoma specialist). The diagnosis involved clinical, ocular, and systemic examination. Inclusion criteria for the patients were increased corneal diameter (>12.0 mm) and raised IOP (>21 mmHg) with the presence/absence of Haab's striae and optic disc changes (where examination was possible). The additional inclusion factors were symptoms of epiphora and photophobia.
All patients with other ocular anomalies or with systemic glaucoma associated syndrome and with history of blood transfusion, toxoplasmosis, rubella, cytomegalovirus, and herpes simplex virus (TORCH) infection, and drug intake by mother during pregnancy were excluded from the study. Detailed family history of ocular or other hereditary disorders up to three generations were taken, and pedigree charts were constructed.
Control group: Fifty ethnically matched non-glaucomatous individuals without any ocular/systemic disorders were enrolled as controls. Controls were unrelated to patients and to each other. All were older than 18 years and had normal IOP, open angles on gonioscopy, and normal optic nerves on examination. Informed consent forms were signed, and peripheral blood samples were collected from patients and controls by venipuncture in ethylenediaminetetra-acetic acid (EDTA) vacutainers and stored in −80 °C until further use.
Mutation screening and sequence analysis: Genomic DNA was extracted from whole blood samples using the organic method described by Sambrook et al. [18] , with some modifications. Briefly, equal volume of lysis buffer was added to the blood samples and centrifuged. To the pellet, DNA extraction buffer, Proteinase K and sodium dodecyl sulfate (SDS) was added and incubated at 37 °C overnight. Equilibrated phenol and chloroform: isoamylalcohol was added to the suspension and mixed. The suspension was centrifuged at 5000 × g for 10 min. DNA was precipitated from the upper viscous layer using ice-cold ethanol. All 36 exons of LTBP2 with exonintron boundaries were amplified from genomic DNA using PCR. Twenty-nine sets of overlapping primers were designed using the National Center for Biotechnology Information (NCBI) PRIMER3 program (Table 1) . PCR amplification was performed in a S1000 thermal cycler (Bio-Rad, Hercules, CA). Amplifications were done in a 25 μl volume containing 3.0 pM of each primer (Integrated DNA Technology, Coralville, IA), 100 ng of genomic DNA, 1 unit of Taq polymerase (Banglore Genei P Ltd, Bengaluru, Karnataka, India), 0.1 mM of each deoxyribonucleotide triphosphate (dNTP), and 3.0 µl of 10× PCR buffer (with 15 mM MgCl 2 ), with 35 cycles of amplification, each consisting of 30 s denaturation at 94 °C, 60 s annealing ranging from 59 °C to 62 °C and 1 min extension at 72 °C, and final extension at 72 °C for 5 min.
All PCR products were analyzed on 1.8% agarose gel, stained with ethidium-bromide (EtBr 10 mg/ml). Agarose gel was analyzed using a gel documentation system (Applied Biosystems, Carlsbad, CA). Successfully amplified PCR products were purified using a gel/PCR DNA fragments extraction kit (Catalog number DF100; Geneaid Biotech Ltd., Sijhih City, Taiwan). Purified PCR products were sent for sequencing to MCLAB (Molecular Cloning Laboratories, South San Francisco, CA). DNA sequences were analyzed against the LTBP2 reference sequence (ENSG00000119681) using ClustalW2, a multiple sequence alignment tool for DNA provided by the European Molecular Biology Laboratory (EMBL) European Bioinformatics Institute (EBI). The effect of the sequence alterations on splicing was determined using NNsplice 0.9.
RESULTS
Clinical information for all patients with PCG is presented in Appendix 1. total of 104 participants including 54 cases and 50 age-matched controls were enrolled in this study. No consanguinity was found in any of the cases. All cases were sporadic with no family history. Among the 54 probands, 38 (70.30%) were male, and 16 (29.70%) were female. The age of onset ranged from birth to 1 year. The mean age of case presentation was 20 months, and the minimum age was 1 month to a maximum of 132 months. Buphthalmos was seen in 94% patients and 82% had bilateral and 18% had unilateral buphthalmous. Haab's striae was present in only five cases (9%) and absent in 49 cases (91%). Corneal edema was present in 19 cases (35%) and absent in the remaining 35 (65%) cases.
The mean corneal diameter, measured under general anesthesia, was 13 mm. The mean measured IOP before the first surgical procedure was 23.3±5.6/24.5±5.4 mmHg (OS/OD). The mean cup disc ratio (OS/OD) was 0.5:1/0.6:1.
The 36 exons of the LTBP2 gene were screened in 54 patients with PCG and 50 non-glaucomatous controls. A single nucleotide change (rs3742793) between exons 6 and 7 of the LTBP2 gene was observed. This nucleotide change resulted in replacement of cytosine (C) by guanosine (G) at position g.75070493 (Figure 1) . Eighteen of the patients with PCG carried this nucleotide change. The effect of this nucleotide change on splicing was analyzed and had no impact on the splicing of the RNA. None of the controls showed the presence of this nucleotide change in the LTBP2 gene. 
DISCUSSION
In this study, we screened north Indian patients with PCG for the LTBP2 gene who were negative or heterozygous for CYP1B1, MYOC, and FOXC1 gene mutations in one of our previous studies [14, 19] . The latent tumor growth factor-β-binding proteins (LTBPs) are a superfamily of large, multidomain proteins with structural and tumor growth factor-β-signaling roles in the extracellular matrix. LTBP2, a member of this superfamily, is located on chromosome 14 and codes a matrix protein of 1,821 amino acids. LTBP2 expression has been shown in human eyes, including the trabecular meshwork and ciliary processes reported to be relevant to the pathophysiology of primary congenital glaucoma and thus found to be associated with glaucoma [17] . LTBP2 is the second gene implicated in PCG to date, but the precise mechanism by which mutations in this gene lead to PCG is still not clearly understood. After screening all 36 exons of the LTBP2 gene, we identified one intronic single nucleotide polymorphism (rs3742793) between exons 6 and 7 in patients with PCG. Truncating and null mutations in LTBP2, encoding latent transforming growth factor-β-binding protein-2, were recently reported in patients with PCG from Pakistan and Iran [13, 17] .
Although the LTBP2 function is still unknown, the presence of LTBP2 in elastic tissue and association with fibrillin containing microfibrils has been shown [20] . The role of LTBP2 in tissue repair processes and in cell adhesion has also been suggested by various studies [21] [22] [23] . It has also been reported that the carboxyl and N-terminal of LTBP2 interacts with fibrillin 1 and fibulin-5, respectively [24, 25] , indicating that LTBP2 has functions related to those of microfibrils and elastin fibers. Single-nucleotide polymorphisms in the LTBP2 gene are reported to be associated with various pathological Figure 1 . DNA sequence from exons 6 and 7 of LTBP2. A: The reference sequence derived from the control is shown. B: The sequence derived from the patient with congenital glaucoma shows the homozygous C>G (g.75070493C>T nucleotide change, a polymorphism (rs3742793) that has already been reported. conditions such as Marfan's syndrome [26] , mineral density variation and fracture risk [27] , and skeletal and cardiovascular abnormalities [28] .
A total of 1,267 nucleotide variations of different types and in various diseases have been reported in the LTBP2 gene ( Table 2 ). Out of the 1,267 variations, 344 were nonsynonymous, which resulted in an amino acid change in the encoded peptide sequence. Only some of the LTBP2 mutations have been found to be associated with PCG (Table 3) . Recently, homozygous mutations in LTBP2 were reported in a syndrome of megalocornea, microspherophakia (small spherical lens), lens dislocation, and secondary glaucoma developing after age 3 years [29] and in isolated microspherophakia/lens dislocation [30] . Another recent study documented the absence of mutations in the LTBP2 gene in 54 Saudi Arabian families with PCG [31] . Apart from these studies, no other studies have documented mutations in LTBP2 in patients with PCG. In our cohort of patients, LTBP2 gene mutations are not involved in the pathogenesis of PCG. Negative results for LTBP2 mutations in different PCG populations strongly suggests the involvement of other loci and genes in the pathogenesis of patients with PCG who are negative for CYP1B1, MYOC, and FOXC1 mutations. For a better understanding of the pathogenesis and genetic mechanism of congenital glaucoma, more studies involving the LTBP2 gene in sporadic cases and families with PCG should be conducted. In addition, the discovery of new loci and candidate genes would further the genetics of this blinding optic neuropathy opening new avenues for PCG management and control. Strong genetic markers established from candidate gene studies and family studies would prove highly valuable for predicting the likelihood and severity of PCG.
APPENDIX 1. CLINICAL PHENOTYPE OF PCG CASES.
To access the data, click or select the words "Appendix 1." This will initiate the download of a compressed (pdf) archive that contains the file. Key: M-male; F-female; H-homozygous; h-heterozygous; X-times; Trab/Trab+MMC-combined trabeculotomy trabeculectomy and mitomycin C treatmen right eye; OS-left eye; OD-right eye; OU-both eyes; NA-not available. 
